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Optimization of Data-Dependent Acquisition Parameters for Coupling High-
Speed Separations with LC-MS/MS for Protein Identifications
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Recent developments in chromatography, such as ultra-HPLC and superficially porous particles, offer
significantly improved peptide separation. The narrow peak widths, often only several seconds, can permit a
15-min liquid chromatography run to have a similar peak capacity as a 60-min run using traditional HPLC
approaches. In theory, these larger peak capacities should provide higher protein coverage and/or more
protein identifications when incorporated into a proteomic workflow. We initially observed a decrease in
protein coverage when implementing these faster chromatographic approaches, due to data-dependent
acquisition (DDA) settings that were not properly set to match the narrow peak widths resulting from newly
implemented, fast separation techniques. Oversampling of high-intensity peptides lead to low protein-
sequence coverage, and tandem mass spectra (MS/MS) from lower-intensity peptides were of poor quality,
as automated MS/MS events were occurring late on chromatographic peaks. These observations led us to
optimize DDA settings to use these fast separations. Optimized DDA settings were applied to the analysis of
Trypanosome brucei peptides, yielding peptide identifications at a rate almost five times faster than previously
used methodologies. The described approach significantly improves protein identification workflows that use
typical available instrumentation.
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INTRODUCTION

Mass spectrometry (MS) is at the center of many proteomic
workflows, often times used with on-line liquid chroma-
tography (LC) separation techniques.1,2 An issue with this
approach is the large amount of instrument time required
to run traditional LC tandem MS (LC-MS/MS) experi-
ments. Recent developments in chromatography, such as
sub-2 �m particles and superficially porous particles, can
offer significantly improved peptide separation.3,4 High-
efficiency columns allow increased mobile-phase velocities
that shorten experimental analysis time and can provide
narrow peak widths, typically a few seconds or less.5 Com-
bined, these two factors can, permit a 15-min LC run to
have similar peak capacity as a 60-min run using traditional
HPLC approaches.6–8 A drawback sub-2 �m particles is
the high back pressure created by these particles, which
exceeds the pressure limit of most available standard HPLC

instruments.9 Superficially porous particles offer similar
efficiencies in terms of number of theoretical plates and
improved plate height but operate at about one-half of the
back pressures of sub-2 �m particles, which allow for use
on a standard capillary LC system.10–13 These column
packings exhibit rapid solute mass transfer with minimal
loss of chromatographic resolution when operated with
high flow rates to reduce experimental analysis time.14

Based on these characteristics and current instrumentation,
superficially porous columns were integrated into our lab’s
proteomic workflow.

Fast separation methodologies were implemented with
an expected outcome of increased peptide identifications in
a shorter amount of time. However, we initially observed
decreased protein-sequence coverage when implementing
these separation methods. Analysis of peak capacities
showed the fast-gradient conditions improved separation
metrics, such as reduced peak widths, which should im-
prove peptide identifications, as has been displayed previ-
ously in other proteomic applications.15 Detailed inspec-
tion of raw LC-MS data revealed that most MS/MS spectra
were obtained on peptides of high abundance. This led to
the acquisition of few MS/MS events being performed on
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peptide ions with low signal intensity, which in turn, led to
poor protein-sequence coverage. It became apparent that
improved chromatographic separations would not improve
proteome coverage without enhanced MS/MS acquisition
strategies.

The selection of peptide ions for MS/MS analysis is
controlled by data-dependent acquisition (DDA) settings,
which include repeat count, repeat duration, minimum
MS signal, and dynamic exclusion. Previous work has
shown that proteome coverage can be increased when
DDA settings are optimized. Andrews et al.16 found that
the ionization settings and the number of MS/MS events/
cycle were the most important settings associated with
improving proteome coverage on a linear quadrupole ion
trap (LTQ) Orbitrap XL. They also stated that parameters,
such as dynamic exclusion and minimum signal counts,
had minimal influence on proteome coverage. Zhang
et al.17 stated that increased dynamic exclusion can im-
prove proteome coverage; however, this hinders spectral
count quantitation. Whereas these reports provided good
information for the basis of our experiments, they did not
specifically apply to matching DDA settings with fast sep-
aration techniques and materials.

In this current work, we present a process of optimiz-
ing DDA settings on a LTQ to match fast LC separations
with improved peak capacities and demonstrate that this
combination can provide a large number of peptide iden-
tifications in significantly less time.

MATERIALS AND METHODS
Data were acquired using an 1100 Capillary LC system
(Agilent Technologies, Palo Alto, CA, USA), with on-line
MS detection using a LTQ ion trap (Thermo-Fisher, San
Jose, CA, USA), fitted with a Michrom Bioresources (Au-
burn, CA, USA) captive spray interface. Gradient delay
volume was reduced by removing the mixing column in the
Agilent LC system. These changes allowed for faster sepa-
rations and re-equilibration of the chromatograph. Mea-
sured gradient delay volume determined by analytical col-
umn bypass was observed to be 56 �L. Analytical columns
were either a 0.2 � 50-mm HALO peptide ES-C18 capil-
lary column packed with 2.7 �m-diameter superficially
porous particles (Advanced Materials Technology, Wil-
mington, DE, USA) or a 0.2 � 50-mm Magic C18AQ
column packed with 3 �m-diameter porous particles
(Michrom Bioresources). Proteomic sample analysis used
the LTQ divert valve fitted with an EXP stem trap 2.6 �L
cartridge packed with 2.7 �m-diameter superficially po-
rous particles (Optimize Technologies, Oregon City, OR,
USA) or with a 0.5 � 2-mm CapTrap packed with
3 �m-diameter porous particles (Michrom Bioresources).
Experiments using trap columns were matched for station-

ary-phase materials of the analytical and guard columns.
Slow-gradient conditions operated at a flow rate of 4 �L/
min, increasing mobile-phase B concentration from 5% to
50% B over 30 min, with a total experiment time of 90 min.
Fast-gradient conditions operated at a flow rate of 9 �L/
min, increasing mobile-phase B concentration from 5% to
50% B over 12.5 min with a total experiment time of 21
min. Mobile phases used formic acid and acetonitrile from
Sigma-Aldrich (St. Louis, MO, USA).

Tryptic peptides from BSA (Michrom Bioresources)
were used to evaluate MS and separation metrics during the
evaluation and optimization phase of this work. Peak-
capacity data were analyzed using Xcalibur software. Peak
widths at 50% height were measured by manual inspection
with the use of extracted ion chromatograms. Calculations
were made from duplicate experiments of 1 pmol injec-
tions, measuring both peak widths and retention times.
Experiments were conducted without the collection of
MS/MS spectra to obtain more MS1 data points to better
define each chromatographic peak. Peak capacities were
calculated using two methods, differing in the expression of
gradient time (Tg).
Measured peak capacity:

npc � (tf � ti) ⁄ W4[�] (1)
Theoretical peak capacity

npc � Tg ⁄ W4[�] (2)
Equation 1, referred to as actual peak capacity, was calcu-
lated using the retention times of the first and last eluting
peptides from Table 1. Equation 2 is referred to as theoret-
ical peak capacity, using the actual length of gradient gen-
eration (Tg), which is independent of actual peptide-reten-
tion times. For fast-gradient conditions, this Tg value was
750 s, whereas for slow-gradient conditions, 1800 s was
used for Tg. As a result of the use of multiple stationary
phases and gradient conditions in this analysis, peak-capac-
ity and proteomic experiments were conducted for each
type of stationary-phase material under fast and slow-gra-
dient conditions.

Preferred operation conditions were tested for applica-
tion to proteomic sample analysis using a whole cell lysate
from the procyclic form Trypanosome brucei. Soluble pro-
teins from T. brucei underwent electrophoresis through a
NuPAGE 12% Bis(2-hydroxyethyl)-Tris gel (Invitrogen,
Carlsbad, CA, USA). This step was aimed to remove un-
desirable, nonprotein containments with negligible protein
separation; hence, the entire lane was treated as a single
sample. Each gel lane was cut into 1 � 1-mm squares for
digestion. Water was then added to the gel pieces and
discarded to waste. Gel pieces were then washed with a
mixture of 50% acetonitrile and 50% water, with solution
removed as waste after 15 min. Ammonium bicarbonate
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(100 mM) was then added, and after 15 min, an equal
volume of acetonitrile was added to make a 1:1 (v/v)
solution. After incubation at room temperature for 15 min,
the ammonium bicarbonate/acetonitrile solution was re-
moved to waste. Acetonitrile was again added to the gel
slices and incubated at room temperature for 15 min. This
solution was then removed as waste. A solution of 10 mM
DTT in 100 mM ammonium bicarbonate was then added
and incubated in a 70°C water bath for 1 h. The reducing
solution was then removed, and a 55-mM iodoacetamide
in 100 mM ammonium bicarbonate-alkylating solution
was added. Samples were incubated at room temperature
for 1 h in the dark. The alkylating solution was then

removed, and 100 mM ammonium bicarbonate was
added. After 5 min, an equal volume of acetonitrile was
added to make a 1:1 (v/v) solution. After 15 min of incu-
bation, this solution was removed to waste. A solution of
0.1% sequencing-grade trypsin (Promega, San Luis Obispo, CA,
USA) was made in 50 mM ammonium bicarbonate and
added to the gel pieces at 1:50 (w/w) enzyme to protein and
incubated overnight at 37°C. The following day peptides
were extracted by pooling and saving the solution from gel
pieces. A solution of 50% acetonitrile and 0.1% formic acid
was then added to the gel pieces. After 15 min, this solution
was extracted and added to the solution previously pulled
from the digested gel slices. T. brucei sample analysis was

T A B L E 1

BSA Tryptic Peptides Used for Chromatographic Analysis and Peak-Capacity Calculations

Sequence Peptide mass (Da) Retention time: fast gradient Retention time: slow gradient

CASIQK 705.8237 6.62 22.37
LVTDLTK 788.9290 7.80 25.87
QTALVELLK 1014.2164 8.92 27.29
EACFAVEGPK 1107.2371 6.59 21.58
CCTESLVNR 1139.2607 8.16 25.45
SLHTLFGDELCK 1419.6016 8.77 27.12
LGEYGFQNALIVR 1479.6783 9.39 28.70
MPCTEDYLSLILNR 1724.9953 11.12 33.25
LFTFHADICTLPDTEK 1908.1352 9.52 29.10
DAIPENLPPLTADFAEDKDVCK 2459.6801 9.63 29.75
EYEATLEECCAKDDPHACYSTVFDK 3039.2431 8.60 27.47
TVMENFVAFVDKCCAADDKEACFAVEGPK 3310.7085 11.20 32.95

Fast-gradient retention time provides the average retention time under the fast-gradient conditions with the use of the superficially porous particle (S.P.P.) column. Slow-gradient
retention time displays the average retention time from slow-gradient conditions using the porous particle column.
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FIGURE 1

Base peak chromatograms with a superimposed timescale of experimental events from the LC-MS analysis of tryptic-
digested BSA. (A) Chromatogram obtained using the 90-min experimental protocol, which included a 0.2 � 50-mm
porous-particle column operated at 4 �L/min. (B) Chromatogram obtained using the 21-min experimental protocol,
which included a 0.2 � 50-mm superficially porous particle operated at 9 �L/min.
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conducted using 2-�g injections preformed in duplicate
for each of the four gradient/stationary-phase conditions.

Raw tandem mass spectra were converted to mzXML
files and then into Mascot generic files (MGFs) via the
Trans-Proteomic Pipeline (Seattle Proteome Center, Seat-
tle, WA, USA). MGFs were searched using Mascot (Matrix
Scientific, Boston, MA, USA) against separate target and
decoy databases obtained from the National Center for
Biotechnology Information (Bethesda, MD, USA). The
target database contained all T. brucei protein sequences,
and the decoy database contained the reversed sequences
from the target database. Mascot settings were as follows:
tryptic enzymatic cleavages allowing for up to two missed
cleavages, peptide tolerance of 1000 parts/million, frag-
ment ion tolerance of 0.6 Da, fixed modification as a result
of carboxyamidomethylation of cysteine (�57 Da), and
variable modifications of oxidation of methionine (�16
Da) and deamidation of asparagine or glutamine (�0.98
Da). Mascot files were loaded into ProteoIQ (NuSep,
Bogart, GA), where a 5% false discovery rate was applied
for confirmation of protein or peptide identifications.

RESULTS
Separation Condition Analysis

The initial experiments were performed to evaluate the
impact of fast-gradient separations when applied to LC-
MS/MS-based proteomic experiments. Figure 1A shows a
base peak chromatogram for slow-gradient conditions
along with the timescale of events occurring during the
experiment. The narrow window of peptide elution dis-
played under these conditions highlights a poor efficiency
in the use of instrument time. This inefficiency can, in part,
be attributed to the fixed LC system dwell volume, which
when considered with a low flow rate, accounts for almost
15 min of experiment time. A high-efficiency gradient was
developed, reducing experiment time from 90 min to 21
min using a superficially porous-particle stationary phase,
allowing efficient separations at elevated flow rates. This
reduction in experiment time was achieved by doubling the
flow rate, optimizing gradient conditions, and using a
highly efficient, reverse-phase column, packed with super-
ficially porous particles. The increased flow rates affected
the time for all aspects of the experiment; in particular, this
halved the times required for loading, washing, and re-
equilibrating of the chromatograph. This gradient in-
cluded a 10� column-volume, high organic mobile-phase
wash and a 10� column-volume re-equilibration of the
chromatograph. Figure 1B displays a base peak chromato-
gram, along with a timescale of experimental events dem-
onstrating the improvements in instrument time utiliza-
tion. Although a further reduction in experiment timeT
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would be beneficial, the instrumentally fixed gradient-
delay volume cannot be altered.

The LC-resolving power was evaluated by calculating
the peak capacity for both gradient conditions using both
stationary-phase materials. To conduct this assessment,
BSA tryptic digest was used as a result of its high availability
and relative simplicity compared with a proteomic sample.
Measured peak capacity allowed for an evaluation of sepa-
ration conditions dependent on sample-retention times,
whereas theoretical peak capacity allowed for evaluation
independent of peptide-retention times. Theoretical peak-
capacity calculations demonstrated the maximum peak ca-
pacity obtainable for each gradient/column condition.

Peak capacities showed significant improvement with
the use of superficially porous packing material under both
gradient conditions examined. This was achieved by sub-
stantial reduction in peak widths, as superficially porous
particles produced peak widths of approximately one-half
that of porous particles, as shown in Table 2. The use of

superficially porous particles operated at elevated flow rates
maintains high peak capacity, as shown by comparison of
the results for fast and slow conditions. Figure 2 displays an
extracted ion chromatogram for peptide QTALVELLK for
all four experimental conditions, showing the reduction in
peak width and improvement in peak shape using the
superficially porous-particle, stationary-phase materials
during operation with increased flow rates.

Variation of the chromatographic peak widths was
evaluated to assess the reliability of the separation system, as
well as to inform the range of peak widths that should be
considered for MS and MS/MS parameter optimization.
The porous-particle column produced sds in the mean peak
width approximately five times greater than the superfi-
cially porous particle-packed columns under identical gra-
dient conditions. The small variance displayed by the su-
perficially porous-particle column confirms conditions
effective for the broad range of tryptic-digest peptides
present in a complex proteomic sample.
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FIGURE 2

Extracted ion chromatograms for LC-MS analysis of BSA tryptic peptide QTALVELLK using each of the four chromato-
graphic conditions analyzed. (A) Slow-gradient conditions using a 0.2 � 50-mm porous-particle column operated at 4
�L/min. (B) Fast-gradient conditions using a 0.2 � 50-mm porous-particle column operated at 9 �L/min. (C) Slow-
gradient conditions using a 0.2 � 50-mm superficially porous-particle column operated at 4 �L/min. Fast-gradient
conditions using a 0.2 � 50-mm superficially porous column operated at 9 �L/min.
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Mass Spectral Condition Analysis

The overarching purpose of the present work was to
evaluate the fitness of fast-gradient separations for high-
throughput proteomic analysis. Whereas peak capacity
is a useful measure of a separation, the use of fast-
gradient separations was strongly dependent on appro-
priate MS settings. To acquire appropriate MS settings,
mass spectral data generated from slow-gradient condi-
tions with porous particles were compared with data
collected using fast-gradient conditions with superfi-
cially porous particles. MS settings were evaluated by
comparing Mascot scores and protein-sequence coverage
using 1 pmol injections of BSA tryptic digests. Typical
“lab favorite” MS instrument settings, used with slow-
gradient conditions and porous-particle columns, pro-
duced a protein score of 10,109 with 82% sequence
coverage. Application of fast-gradient conditions using
superficially porous particles combined with the same
MS settings produced a protein identification score of
2664 with 61% sequence coverage. The poor Mascot

score and protein-sequence coverage from conditions
displaying superior separation metrics demonstrated
that MS/MS acquisition events were not properly
matched to the narrow chromatographic peak widths.

The significant difference in Mascot scores and se-
quence coverage can be attributed to multiple factors asso-
ciated with MS/MS acquisition. First, reducing Tg de-
creased the number of MS/MS spectra collected during an
experiment. Experimentally measured duty cycles pro-
duced an average cycle time of �1.5 s. The duty cycle
includes one MS1 acquisition of mass/charge ratio (m/z)
300–2000, with the top five most-intense precursor ions
subjected to MS/MS analysis. From this data, slow-gradi-
ent conditions would produce �6000 MS/MS spectra
during the 30-min gradient, whereas fast-gradient condi-
tions would produce �2500 MS/MS spectra during the
12.5-min gradient. Based on these calculations, the num-
ber of MS/MS spectra collected for the fast-gradient con-
ditions would be �2.5 times lower than obtained with
slow-gradient conditions, indicating that more-efficient
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FIGURE 3

(A) An extracted ion chromatogram and (B) a
magnification of this chromatogram obtained
from the LC-MS/MS analysis of the BSA tryptic
peptide LFTFHADICTLPDTEK. Data were col-
lected using slow-gradient conditions, which in-
cluded a 0.2 � 50-mm porous-particle column
operated at 4 �L/min. An “X” on the chromato-
gram indicates each location that a MS/MS spec-
trum was collected for this peptide. A superim-
posed timescale for the application of dynamic
exclusion is also shown.
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MS/MS spectra collection would be necessary to produce
similar data.

The significant differences in Mascot scores are also at-
tributed to the high number of redundant MS/MS spectra
collected under slow-gradient conditions. Poor separation

performance conditions, resulting in wide peaks and signifi-
cant peak tailing, which allowed peptide precursor ions to go
on and off dynamic exclusion lists multiple times, provided
multiple opportunities to collect redundant MS/MS spectra.
Slow-gradient conditions matched 741 MS/MS spectra to 97
peptides. This produced an average of 7.7 MS/MS spectra/
peptide identification. Fast-gradient conditions matched 152
MS/MS spectra to 70 peptides, averaging 2.2 spectra/identi-
fication. Figure 3A shows the chromatographic peak for pep-
tide LFTFHADICTLPDTEK using slow-gradient condi-
tions with an X indicating the location where MS/MS
acquisition occurred. The majority of MS/MS spectra for
this peptide was collected on the tail of the peak, as seen in
Fig. 3B, which displays the occurrence of MS/MS acquisi-
tion and dynamic exclusion on the timescale of this chro-
matographic peak. The collection of nine MS/MS spectra
on the peak tail provided redundant spectra that increased
the protein score. Alternately, fast-gradient conditions
showed significantly less peak tailing of this peptide, as
shown in Fig. 4. The result is fewer MS/MS events per-
formed on this peptide, leading to a reduction in the
protein score. The wide chromatographic peaks associated
with the slow-gradient conditions led to the collection of
redundant spectra, accounting for more matching MS/MS
spectra and higher protein scores.
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An extracted ion chromatogram for the BSA peptide LFTFHAD
ICTLPDTEK using the fast-gradient conditions, which included a
0.2 � 50-mm superficially porous-particle column operated at 9
�L/min. An X on the chromatogram indicates each location that a
MS/MS spectrum was collected for this peptide. A superimposed
timescale for the application of dynamic exclusion is also shown.
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FIGURE 5

(A) The extracted ion chromatogram for m/z
752.30, which corresponds to the BSA peptide
NYQEAK, obtained with the fast-gradient condi-
tions. The extracted ion chromatogram contains a
narrow chromatographic peak for this peptide.
These data also show that no MS/MS spectra
were collected on this peptide while it was eluting.
(B) A mass spectrum collected during the elution
of peptide NYQEAK, showing that other ions,
several of which had higher abundance, were
present, along with the ion of interest at m/z
752.30.
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The poor sequence coverage obtained using fast-gradi-
ent conditions can be attributed to the reduced experiment
time, which decreased the total number of MS/MS events
during a LC-MS/MS experiment. The reduced experiment
time will require more-efficient precursor ion selection for
MS/MS acquisition so that low-abundance ions are less
likely to be missed. For example, the slow-gradient condi-
tions produced an average peak width at a one-half height
of 25.4 s, during which time 17 duty cycles acquiring 85
MS/MS spectra occurred. Fast-gradient conditions were
not afforded the same luxury. In this case, the average peak
widths were 5.1 s, allowing approximately three duty cycles
to obtain 15 MS/MS spectra. Fast-gradient conditions have
smaller windows of opportunity to collect MS/MS spectra
on individual peptides during their chromatographic peak
elution, which necessitates collection of MS/MS spectra on
a wider variety of precursor ions. This can be seen in the fast
LC-MS/MS run: 152 MS/MS spectra were matched to 70
peptides, and 22 of these peptides were identified with
three or more spectra. Spectra matching these 22 peptides
accounted for 126 of the 152 (83%)-matched MS/MS
spectra, demonstrating the oversampling of high-abun-
dance peptides, leading to poor sequence coverage.

Peptides identified with the slow-gradient conditions
but not identified using the fast-gradient conditions were
examined via extracted ion chromatograms. These missed

peptides typically had the following characteristics: low
signal intensity, coelution with high-signal intensity pep-
tides, and very narrow peak widths. These issues are dem-
onstrated by an extracted ion chromatogram for peptide
NYQEAK (Fig. 5A), which elutes in a peak that is 2.7-s
wide. For this peptide to be identified, this ion would need
to be selected in one of the �10 MS/MS spectra collected
during this time. The MS1 spectrum (Fig. 5B) acquired
during this peak displays an ion at m/z 752.3, which
corresponds to the M � H� of this peptide, and at least six
ions with higher abundance. These other ions would have
been subjected to MS/MS analysis prior to the ion at m/z
752.3, because of their higher abundance. Furthermore,
the repeat count setting allowed up to three MS/MS spectra
to be obtained on these higher-abundance ions; conse-
quently, the ion at m/z 752.3 was not subjected to MS/MS
analysis during the two cycles that it eluted from the LC.
For other low-abundance peptides, the presence of coelut-
ing peptides caused the MS/MS event to occur past the
apex of the chromatographic peak, as shown in the ex-
tracted ion chromatogram for peptide YICDNQDTISSK
and the corresponding MS spectrum for this peak (Fig. 6A
and B, respectively). This peptide has a wider chromato-
graphic peak than the peptide NYQEAK, discussed above,
permitting more MS/MS acquisitions, which in turn, al-
lowed the higher-abundance peptides to be placed on the
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FIGURE 6

(A) The extracted ion chromatogram for BSA pep-
tide YICDNQDTISSK, obtained with the fast-gra-
dient conditions. An X on the chromatogram
indicates each location that a MS/MS spectrum
was collected for this peptide. (B) A mass spec-
trum collected during the elution of peptide
YICDNQDTISSK, showing that other ions, several
of which had higher abundance, were present
along with the ion of interest at m/z 1444.65.
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dynamic-exclusion list. Although this peptide was sub-
jected to MS/MS analysis, the spectrum was of low quality
as a result of its acquisition late on the chromatographic peak.
Although signal intensity is not directly factored into a peptide
score via database searching, poor signal intensity will produce
less-distinguishable fragment ions, leading to lower scores, and
decrease the chance of correct identification.

These issues made it apparent that DDA settings
needed to be optimized for the sharper chromatographic
peaks observed using fast-gradient conditions. Specifically,
minimum MS signal, repeat count, repeat duration, and
dynamic exclusion were examined to improve MS/MS
acquisition and quality. Minimum MS signal controls the

minimum signal intensity required for a precursor ion to be
selected for MS/MS acquisition. After a m/z is subjected to
MS/MS acquisition, repeat count is the number of times
that specific m/z is eligible for additional MS/MS acquisi-
tion. Repeat duration is the length of time the m/z is
eligible for MS/MS acquisition before it is no longer sub-
jected to further fragmentation spectra. Dynamic exclusion
is the amount of time a m/z is put on an exclusion list
preventing it from MS/MS fragmentation to allow other
m/z to be subjected to MS/MS fragmentation.

These experiments were performed using a DDA set-
ting to select the “top five” most-abundant ions for MS/MS
analysis. Changes to this setting were not explored in this

T A B L E 3

Mascot Search Results from LC-MS/MS Analysis of Tryptic-Digested BSA Using Different DDA Parameters

Column/gradient
length

Condition
change

Mascot
sc

Sequence
coverage

Matched MS/
MS Spectra

Peptides
identified Spectra/peptide

Porous 50 mm/90 min RC � 3 10,109 82% 741 97 7.7
RD � 10 s
DX � 60 s
Min MS � 1500

S.P.P. 50 mm/20 min RC � 3 2664 61% 152 60 2.5
RD � 10 s
DX � 60 s
Min MS � 1500

S.P.P. 50 mm/20 min RC � 3 7322 72% 406 68 6.0
RD � 10 s
*DX � 10 s
Min MS � 1500

S.P.P. 50 mm/20 min RC � 3 7372 78% 469 75 6.3
RD � 10 s
DX � 60 s
*Min MS � 1000

S.P.P. 50 mm/20 min *RC � 2 6083 70% 381 72 5.3
RD � 10 s
DX � 60 s
Min MS � 1500

S.P.P. 50 mm/20 min *RC � 1 4651 82% 365 85 4.3
RD � 10 s
DX � 60 s
Min MS � 1500

S.P.P. 50 mm/20 min RC � 3 7065 71% 325 63 5.2
*RD � 5 s
DX � 60 s
Min MS � 1500

S.P.P. 50 mm/20 min RC � 3 6657 73% 347 67 5.2
*RD � 15 s
DX � 60 s
Min MS � 1500

Experimental conditions used for analysis and metrics from Mascot database searching to assess the impact of each setting. *Conditional change. RC, Repeat count; RD, repeat
duration; DX, dynamic exclusion; Min MS, minimum MS signal. All experiments included Microscans � 1; Max inject time � 50 ms.
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work. Increasing this DDA setting would allow for the
selection of lower-abundance ions but at the expense of
increased cycle time. The increase in cycle time was not
conducive for fast-gradient conditions producing very nar-
row peak widths. For example, the cycle time increases to
over 3 s with the selection of the top nine most-abundant
ions, which would not allow for multiple cycles to occur
over the average 5-s-wide chromatographic peaks obtained
using these conditions. The reduction of this DDA setting
was also not explored as a result of the reduction in the
number of MS/MS spectra that would be collected during
each experiment.

Systematic optimization of DDA settings to match
peak widths with decreased numbers of duty cycles ac-
quired will lead to a desired condition of operation. Table 3
presents the DDA setting procedure used for fast-gradient
separation conditions and the impact this systematic
change had on the number of matched MS/MS spectra,
Mascot score, and protein-sequence coverage. Reduction
of dynamic exclusion time to 10 s was selected to match the
average peak width at base, while maintaining the dynamic
exclusion time to peak-width ratio used with the slow
gradient. This change improved sequence coverage and
increased the number of matched MS/MS spectra; how-
ever, this also led to an increased number of redundant
MS/MS spectra collected. The next variable investigated
was the minimum MS signal, which was decreased from
1500 to 1000. This change further increased the number of
matched MS/MS spectra, peptide identifications, and im-
proved sequence coverage. Further reductions in the value
were not considered useful, with the expectation that
MS/MS spectra quality would suffer significantly. The
number of redundant MS/MS spectra was decreased by
lowering the repeat count parameter. A value of one for this
setting was found to produce similar sequence coverage to
slow-gradient conditions, although the collection of redun-
dant spectra was still prevalent. The repeat duration param-
eter was also examined, but changes to this value appeared
to have an insignificant effect on evaluation metrics. A

value of 10 s for repeat duration was selected to correspond
with observed average peak width at base.

The ultimate DDA setting to be optimized was dy-
namic exclusion. Preferred conditions for repeat count,
repeat duration, and minimum MS signal were applied for
dynamic exclusion data collection to determine a best fit for
fast-gradient conditions. Whereas longer dynamic exclu-
sion times produced less-redundant spectra, fewer peptide
identifications were observed, shown in Table 4. Most
tryptic peptides carrying a �2 charge state will have a m/z
in the range of 400–700. Long dynamic exclusion times,
when combined with the limited resolution of the LTQ
MS will significantly hamper peptide identifications in a
proteomic application, with many peptides displaying a
similar m/z for a complex tryptic digest. The preferred
dynamic exclusion time was 30 s. This was selected as
approximately three times the average peak width at base,
thereby providing sufficient time for exclusion of peaks
displaying some degree of tailing, whereas not being too
long, and thereby, covered a significant portion of the short
gradient. Although additional dynamic exclusion times
could be examined in more detail, the objective was to
improve MS/MS spectra collection, not to optimize DDA
settings specifically to BSA. This strategy improved
MS/MS acquisition for application to fast-gradient condi-
tions, permitting reduction of experiment time. Based on
preferred MS parameter settings, fast-gradient conditions
produced similar peptide identifications and protein-se-
quence coverage, as did the previous “typical” conditions,
when used for standard tryptic-digest peptides.

Proteomic Sample Analysis

The preferred DDA settings and separation conditions were
evaluated with an authentic proteomic sample mixture, using
peptides from a tryptic digest of a whole cell lysate of procyclic
T. brucei, applying all four experimental conditions described
above. The superficially porous particles displayed increased
peptide and protein identifications, as shown in Table 5. With
the use of experimentally optimized DDA settings, fast-gradi-
ent conditions with superficially porous particles produced the

T A B L E 4

Mascot Search Results from LC-MS/MS Analysis of Tryptic-Digested BSA Using Different Dynamic Exclusion Times

Application of
preferred settings

Condition
change

Mascot
score

Sequence
coverage

Matched
spectra

Peptides
identified

Spectra/peptide
identification

S.P.P. 50 mm/20 min DX � 15 s 2749 83% 248 83 3.0
S.P.P. 50 mm/20 min DX � 30 s 2845 83% 221 89 2.5
S.P.P. 50 mm/20 min DX � 60 s 1699 82% 152 74 2.1
S.P.P. 50 mm/20 min DX � 120 s 1385 72% 114 64 1.8

Data were obtained using the optimum DDA settings determined in Table 3. Specifically, minimum MS signal 1000, repeat count one, and repeat duration 10 s were applied.
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highest number of peptide and protein identifications. This
condition also produced the fewest number of redundant
spectra, as shown by the lowest spectra/peptide identification
average. An analysis of peptide identifications/min also con-
firmed that the most efficient use of instrument time was with
the use of fast-gradient conditions with superficially porous
particles, with an improvement of nearly sixfold relative to
previously used separation conditions and instrument settings.

DISCUSSION
The increase in instrument use efficiency using fast-separa-
tion conditions required optimization of MS instrument
DDA settings to acquire good-quality MS/MS spectra.
Relevant DDA settings included minimum MS signal
counts, dynamic exclusion, repeat count, and repeat dura-
tion. An appropriate scheme to optimize DDA parameters
to match the narrow chromatographic peaks, resulting
from fast separation conditions, was uncovered. The
change from columns packed with porous particles to
columns of superficially porous particles allowed for oper-
ation at elevated flow rates while doubling the peak capac-
ity. Analysis of T. brucei tryptic digests demonstrated the
use of optimized DDA settings and fast separation tech-
niques. In the evaluation of optimized conditions, the
number of protein identifications doubled, the number of
peptide identifications increased by �50%, and the exper-
iment time was reduced by a factor of five.
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T A B L E 5

Proteomic Results from T. brucei Analysis under Various Chromatographic Conditions with the Application of Optimized DDA Settings

Column Flow rate Exp. time
Protein

identifications
Matched
spectra

Peptide
identifications

Spectra/
peptide Peptide/min

Porous 50 mm 4 �L/min 90 min 22 370 121 3.1 2.1
Porous 50 mm 9 �L/min 21 min 15 376 86 4.4 9.4
S.P.P. 50 mm 4 �L/min 90 min 43 439 139 3.2 2.4
S.P.P. 50 mm 9 �L/min 21 min 45 477 185 2.6 11.9

Results from the analysis of soluble proteins from T. brucei using all four experimental conditions examined. Each condition displays data from duplicate analysis with protein and
peptide identifications validated using a 5% false discovery rate. Peptide/min reflects the total number of peptides identified for each condition divided by total experiment time
for duplicate sample analysis.
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